Introduction
Southern Africa is considered the epicenter of the global HIV epidemic with 6.4 million people living with the disease in South Africa alone. 1 The generalised HIV epidemic persists despite three decades of scientific response to HIV/AIDS. There is growing acknowledgement that health system performance will be critical, particularly in public hospital settings where the disease burden related to HIV infection is often high. 2 In the KwaZuluNatal province of South Africa, HIV has placed significant strain on health service resources. 3 There is an urgent need to identify ways in which public hospitals can provide optimal quality care for HIV/ AIDS patients. Reducing patient rehospitalisation is not only a financial imperative, but also a potentially important benchmark for quality of care performance within healthcare facilities. Indeed, rehospitalisation has been included as an adverse outcome in the World Health Organisation's "Performance Assessment tool for Quality Improvement in Hospitals", 4 signifying its importance related to measuring healthcare quality at a global level. Stanley et al. , also note that rehospitalisation is a potential marker of inefficiencies in the overall health system in South Africa where the high burden of HIV-related disease exacerbates bed shortages within public healthcare facilities. 5 Instituting such a benchmark is understood to encourage an improvement in care transition and mitigation of potential risks, thereby reducing the number of patients requiring rehospitalisation. While rehospitalisation has not been used as benchmark for quality of care in South African HIV-infected patients, it has been used in American studies of HIV-infected populations. 6, 7 Determining HIV serostatus and CD4 count measurements are critical for long term patient care/management. 8 In addition, HIV serostatus and CD4 count are also independent predictors of rehospitalisation. 6, 9 However, little is known about the relationship between HIV serostatus, CD4 count, and rehospitalisation in South Africa. Considering the high burden of HIV infection in South Africa and the widely practiced "opt-in" approach to HIV counselling and testing (HCT), 10 it is likely that an HIV-positive serostatus (and possible low CD4 counts) might be missed in a number of patients who do not consent to HCT. Undiagnosed HIV infection and possible immunodeficiency in patients who are actually HIV-positive hinders linkages to appropriate treatment, representing a missed opportunity to prevent future HIV transmission. This study sought to determine the relationship between combined HIV serostatus and CD4 count, and its relationship to rehospitalisation in a South African setting.
Methods

Study design, setting, data source, and outcome definitions
This study was a retrospective analysis of data collected by the Africa Centre Demographic Information System (ACDIS), 11 and involved 11,362 unique adult patients who were admitted to the Hlabisa Hospital in South Africa for medical (non-surgical) reasons between October 2009 and February 2014. The Hlabisa hospital provides services at the primary healthcare level to residents of Hlabisa, Mtubatuba and parts of the "big five" municipalities in northern KwaZulu-Natal province, South Africa. The general population of the Hlabisa district has been described in detail elsewhere. 11 The overall incidence of HIV in the Hlabisa district has been estimated at 3.2/100 person years. 11 Briefly, data related to age, gender, and HIV serostatus (HIV-positive, HIVnegative, or HIV-unknown) were extracted from the ACDIS dataset for each patient at the index hospital admission, and defined as the first recorded hospital admission for the patient that was within the data collection timeframe for this study. For patients with a recorded HIV-positive serostatus, data related to CD4 count measurements (categorised as "<350 cells/mm 3 ", "≥ 350 cells/mm 3 ", or "CD4 count unknown"), and antiretroviral therapy (ART) prescription (categorised as "yes", "no", or "unknown") was also collected. A set of ICD-10 codes were used to identify the presence of comorbidities potentially associated with rehospitalisation for each patient. 12 The relationship between these comorbid conditions and a higher risk of rehospitalisation has been described elsewhere. 13 In lieu of current estimates for the burden of tuberculosis (TB) infection in Africa, we also decided to investigate the potential impact of TB infection on rehospitalisation.
14 A patient was considered rehospitalised within 1 month (acute rehospitalisation) or 12 months (long term rehospitalisation) if a second hospital admission was recorded for the patient within the aforementioned time periods following their index hospital admission. Rehospitalisation events which fell outside of the 1 or 12 month time period were censored for each time period analysis. Data related to second rehospitalisations were not analysed in this study. Furthermore, reasons for rehospitalisation were also not analysed in this study. This study was approved by the Biomedical Research Ethics Committee of the University of KwaZulu-Natal, South Africa (Protocol EXM277/15).
Statistical analysis
Separate statistical analyses were performed for each outcome investigated in this study (acute and long term rehospitalisation). Age data was analysed via a Mann-Whitney U test. Gender, CD4 count categories, and comorbidity data were analysed using Fisher's Exact or χ 2 tests, where appropriate. Variables attaining a p-value < 0.2 from the aforementioned univariate analyses were purposefully selected for inclusion in a Cox regression model. Results for the Cox regression analyses are presented as hazard ratio's (HR) with 95% confidence intervals (95% CI). A p-value < 0.05 was considered statistically significant. All data analysis was conducted using the Statistical Package for the Social Sciences (SPSS) Version 23 (IBM Corporation, USA).
Results
Sample demographic and clinical characteristics (Entire cohort)
Demographic and clinical characteristics for the entire study cohort are shown in Table 1 HIV-negative serostatus, no ART = 9.7%; and, HIV serostatus unknown, no ART = 53.9%. Tuberculosis, uncomplicated diabetes, and renal disease were the three most prevalent comorbidities observed at the index hospital admission ( Table 1) . The percentage of patients in the entire cohort rehospitalised within 1 month or 12 months from an index hospital admission was 3.8% and 12.5%, respectively.
Sample demographic and clinical characteristics (Stratified by rehospitalisation status)
Demographic and clinical characteristics for the entire cohort stratified by rehospitalisation status are also shown in Table 1 . The median age of patients with long term rehospitalisation was significantly older than that for patients without long term rehospitalisation (p < 0.001). A statistical trend toward rehospitalisation in older patients was also observed for acute rehospitalisation (p = 0.058). Male gender was statistically associated with long term rehospitalisation (p < 0.001), but not acute rehospitalisation (p = 0.182). Overall, HIV serostatus-CD4 count appeared to be associated with acute and long term rehospitalisation (p = 0.003 and p < 0.001, respectively). Similarly, HIV-serostatus-ART status also appeared to be associated with acute and long term rehospitalisation (p = 0.006 and p < 0.001, respectively). Not all of the established comorbidities associations with acute or long term rehospitalisation were univariate in this study (Table 1) .
Cox regression analyses
The results of the Cox regression analyses are shown in Table 2 . When compared with the HIV-negative serostatus group, an HIVpositive serostatus with a CD4 count < 350 cells/mm 3 or an HIVpositive serostatus with an unknown CD4 count were independent predictors of acute (p = 0.010 and p = 0.003, respectively) and long term (p < 0.001 for both CD4 categories) rehospitalisation. Non-statistically significant increases in risk were noted for patients with an HIV-positive serostatus with a CD4 count ≥ 350 cells/mm 3 or an HIV-unknown serostatus (Table  2) . Similarly, when compared with the HIV-negative, no ART group, HIV-positivity with ART or HIV-positivity without ART were independent predictors of acute (p = 0.004 and p = 0.006, respectively) and long term (p < 0.001 for both ART categories) rehospitalisation. Of the remaining ART categories, only HIVunknown with no ART was independently associated with rehospitalisation (long term only, p = 0.031). Male gender and age were found to be independent predictors of long term rehospitalisation (p = 0.015 and p < 0.001, respectively). Nonmetastatic malignancy and uncomplicated diabetes were the only two comorbid conditions which were independently associated with acute rehospitalisation, while the importance of comorbidities such as congestive heart failure and mild liver disease was noted for the long term rehospitalisation (Table 2) . Tuberculosis with either an HIV-positive or HIV-negative serostatus was independently associated with a higher risk of long term rehospitalisation only (p = 0.001 and p = 0.043, respectively). A non-statistically significant trend toward a higher risk of long term rehospitalisation in tuberculosis patients with unknown HIV-serostatus was also noted ( Table 2 ).
Discussion
Impact of HIV serostatus and CD4 count on rehospitalisation
While the uptake of HIV testing in this study might appear low (only 46.1% of the study population had a known HIV status despite the high burden of HIV infection in Hlabisa), the uptake levels of HIV testing observed in this research lie within the estimates of 38% and 58%, which have previously been reported for the general population of Hlabisa. 11 We found a two-fold increase in risk for acute rehospitalisation in patients who had an HIV-positive serostatus with a CD4 count < 350 cells/mm 3 or an HIV-positive serostatus with an unknown CD4 count. Significantly higher risk in the aforementioned HIV serostatus or CD4 count categories was also noted for long term rehospitalisation. A non-statistically We also found age and gender to be independently associated with rehospitalisation. The findings for age in keeping with the majority of published studies which had sought to develop models to predict rehospitalisation. 16 We found that the male gender was associated with a higher risk of rehospitalisation, which is in agreement with a British study by Woz and colleagues. 17 In that study, hospital utilisation in the 6 months prior to the index hospitalisation, being unmarried, having a positive depression screen and no primary care physician visit within 30 days, were identified as major risk factors for rehospitalisation in males (versus females). 17 There is a lack of gender-specific data related to risk factors for all-cause rehospitalisation in a South African setting, and it is therefore unknown whether the risk factors identified in the study of Woz et al., 17 would still be applicable in this setting. Further research investigating risk factors for higher rehospitalisation in males versus females in this setting is required.
A number of the comorbid diseases associated with a higher risk of rehospitalisation elsewhere 13 were not identified as risk factors for rehospitalisation in this study. This finding might be related to the current epidemiological transition being experienced in South Africa, 18 as opposed to the burden of non-communicable disease versus communicable disease in countries from which the established risk factors are reported. This difference is further highlighted by our findings for TB infection.
Study limitations
This study had several limitations. Firstly, this is a subanalysis of data collected from a single healthcare facility, and therefore the findings of this study might not be applicable to the greater HIVinfected population. Secondly, we did not present data related to viral load in the HIV-infected population as these data were not available. Finally, we were unable to investigate the potential importance of any inpatient hospital laboratory results (besides significant increase in risk for the CD4 count ≥ 350 cells/mm 3 group was noted for acute and long term rehospitalisation (HR > 1.0, but did not reach statistical significance). The findings for the aforementioned HIV serostatus or CD4 count categories is similar to the findings of Berry et al., who found that any positive HIV serostatus (irrespective of CD4 count) is potentially associated with a higher risk of rehospitalisation. 6 This study did not establish an independent association between an unknown HIV serostatus and a higher risk of acute or long term rehospitalisation. However, the risk estimates obtained from the Cox regression analyses suggest a trend toward a harmful association between an unknown HIV serostatus and a higher risk of rehospitalisation (36.3% higher risk for acute rehospitalisation, and 17.5% higher risk for long term rehospitalisation). Considering our findings for the HIV-positive serostatus with CD4 count < 350 cells/mm 3 and the HIV-positive serostatus with unknown CD4 count groups, it is likely that a large proportion of patients with an unknown HIV serostatus in this study were actually HIV-positive. It remains important that in settings with a high burden of HIV infection, every effort should be made to determine HIV serostatus (and also CD4 count) in patients where there is none recorded.
Impact of other clinical factors on rehospitalisation
Both HIV-infected patients on ART, and HIV-infected patients not on ART experienced an almost 2-fold higher risk of acute and long term rehospitalisation. This finding is in disagreement with the findings of a matched cohort study conducted by Nosyk et al., 15 which reported a 28% lower readmission rate in HIV-infected patients receiving ART when compared with HIV-infected patients who were not receiving ART. Important to note, however, the study of Nosyk and colleagues 15 was conducted in a low-burden tuberculosis setting (Canada), when compared with our study setting. It is possible that a higher burden of latent tuberculosis and subsequent immune reconstitution inflammatory syndrome in patients on ART in our setting may account for the high rate of rehospitalisation in this group. This is supported by the findings of our research which show a higher serostatus with an unknown CD4 count) and a higher risk of acute and long term rehospitalisation. There were nonstatistically significant trends toward a higher risk of acute and long term rehospitalisation observed for some categories (HIVpositive serostatus group with CD4 count ≥ 350 cells/mm 3 or unknown HIV serostatus group). Although further research is required to confirm the findings of our study, it highlights the potential importance of strengthening primary healthcare service delivery for HIV-infected patients with low CD4 counts, or patients with missing HIV serostatus and CD4 counts.
CD4 count) in this study as these data was not collected as part of the ACDIS. Although this study does have limitations, it nevertheless presents important data related to HIV status and acute or long term rehospitalisation events from a setting with a high burden of HIV infection.
Conclusion
In summary, we found independent associations between some combined HIV serostatus or CD4 count categories (HIV-positive serostatus with a CD4 count < 350 cells/mm 3 or an HIV-positive 
